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A compact printed ultrawideband (UWB) diversity antenna with a size of 30mm × 36mm operating at a frequency range of 3.1–
10.6GHz is proposed. The antenna is composed of two semielliptical monopoles fed by two microstrip lines. Two semicircular
slots, two rectangular slots, and one stub are introduced in the ground plane to adjust the impedance bandwidth of the antenna
and improve the isolation between two feeding ports. The simulated and measured results show that impedance bandwidth of the
proposed antenna can cover the whole UWB band with a good isolation of < −15 dB. The radiation patterns, peak antenna gain,
and envelope correlation coefficient are also measured and discussed.Themeasured results show that the proposed antenna can be
a good candidate for some portable MIMO/diversity UWB applications.

1. Introduction

Ultrawideband (UWB) communication systems attract great
attention in the wireless world because of their advantages,
including high speed data rate, extremely low spectral power
density, high precision ranging, low cost, and low complex-
ity, since the Federal Communication Commission (FCC)
allowed 3.1–10.6GHz unlicensed band for UWB communi-
cation [1]. Multiple input and output (MIMO) antennas used
in UWB systems can improve systems’ performance such as
providing increased data rates and making increased range
available through beam forming [2]. Antenna diversity is a
well-known technique to enhance the performance ofMIMO
systems by mitigating the multipath fading and cochannel
interference [3–5].Thus, aMIMO/diversity antenna covering
UWB band and having good radiation patterns and diversity
performance has become the focus of wireless communi-
cations [6–10]. However, the operating frequency of the
antennas in [6–10] cannot cover the whole band of 3.1–
10.6GHz and the size of the antenna in [6–8] is relatively
large. Recently, anUWBdiversity antenna covering thewhole
UWB and having a small size has been presented in [11]. The
proposed antenna has a size of 35mm × 40mm, and a good
isolation better than −16 dB has been achieved through a

tree-like structure introduced in the ground plane. However,
the size of the antenna in [11] is still relatively large and a
complicate tree-like structure should be designed to weaken
the mutual coupling between twomonopoles due to the close
distance between them.

In this paper, we propose a simple MIMO/diversity
antenna covering the whole UWB band and having a small
size of 30mm×36mmwhich is only 75 percent of the antenna
in [11]. The proposed antenna is designed by using two
semielliptical monopoles. By properly adjusting the distance
between two monopoles and introducing two semicircular
slots, two rectangular slots, and one stub in the ground
plane, the antenna can achieve a broad impedance bandwidth
covering the whole UWB with good isolation of < −15 dB.

2. Antenna Configuration and Analysis

2.1. Antenna Configuration. The specific geometry with
detailed dimensions of the proposed antenna is illustrated in
Figure 1(a), and the photograph of the proposed antenna is
shown in Figure 1(b). The antenna consists of dual semiel-
liptical monopoles which are aligned along 𝑦-axis with an
optimized distance of 15.3mm which is about a quarter
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Figure 1: Geometry and photograph of the proposed antenna (𝑑 = 15.3, dimensions, mm).

guided wavelengths at 3GHz.The guided wavelengths 𝜆𝑔 can
be calculated by using

𝜆𝑔 =

𝑐

𝑓√(𝜀𝑟 + 1) /2

, (1)

where 𝑓 is the frequency, 𝜀𝑟 and √(𝜀𝑟 + 1)/2 are the rela-
tive permittivity and effective permittivity of the substrate,
respectively, and 𝑐 is the speed of light. The major radius
and the radius ratio of the semielliptical monopole are 8mm
and 1.1, respectively. Each monopole is fed by a 50Ω tapered
microstrip line with an upper width of 1.5mm, lower width
of 3mm, and height of 7mm. The monopoles are printed
on the upper part of a partially grounded FR4 substrate
with dimensions 30mm × 36mm × 1.6mm and relative
permittivity 4.6. On the back surface of the substrate, the
main rectangular ground plane of 36mm inwidth and 10mm
in length is printed. Note that two semicircular slots with
same radius of 2.6mm, one stub of 2mm in width, and
20mm in length in the middle of the ground plane and two
rectangular slots of 3.5mm in width and 4mm in length at
the bottom of the stub are introduced in the ground plane to
adjust the impedance bandwidth of the antenna and improve
the isolation between two feeding ports.

2.2. Antenna Analysis. By aligning two semielliptical
monopoles along 𝑦-axis with a proper distance between
them and introducing two semicircular slots, one stub,
and two rectangular slots in the ground plane in turn, the
proposed antenna can be designed conventionally.

To well understand the design mechanisms of the pro-
posed antenna, the scattering parameters of the proposed

antenna with or without the slots and stub are simulated
by using High-Frequency Structure Simulation (HFSS),
Version-12, software. Due to the symmetrical structure of the
proposed antenna, only the reflection coefficient |𝑆11| at port
1 and isolation |𝑆21| between two feeding ports are simulated.
The simulated results are shown in Figure 2.

As shown in Figure 2(a), one can observe that the
impedance bandwidth of the proposed antenna without all
slots and stub tends to cover the whole UWB band, and the
isolation between two feeding ports is very poor. In order to
enhance or adjust the impedance bandwidth of the antenna,
dual semicircular slots with a radius of 2.6mmare introduced
in the ground plane and the simulation results are shown in
Figure 2(b). The slots in the ground plane are achieved to
obtain the necessary interaction between this plane and the
radiator so that the proper matching impedance is received.
It can be observed from Figure 2(b) that the impedance
bandwidth of the antenna is enhanced and can cover the
whole UWB but a poor isolation is still achieved especially
in the upper band. To improve the isolation between two
feeding ports, a stub of 2mm in width and 20mm in length
in the middle of the ground plane is introduced and the
simulation results are shown in Figure 2(c). The stub can
be viewed as a reflector to reduce the mutual coupling
through separating the radiation patterns of two radiators.
As shown in Figure 2(c), it can be observed that a high
isolation is achieved by introducing the stub in the ground
plane. However, the impedance bandwidth of the antenna
around the 7 to 9GHz region ismismatched, and the isolation
around the 9 to 10.6GHz region is still a little poor.Thus, two
rectangular slots of 3.5mm in width and 4mm in length at
the bottom of the stub are introduced in the ground plane.
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Figure 2: Simulated reflection coefficient |𝑆
11
| and isolation |𝑆

21
| against frequency of the proposed antenna: (a) without all of the slots and

the stub in the ground plane, (b) without two rectangular slots and the stub in the ground plane, (c) without the stub in the ground plane,
and (d) with all of the slots and the stub in the ground plane, that is, the proposed antenna.

The rectangular slots in the ground plane are achieved to
not only obtain the necessary interaction between ground
plane and the radiators but also adjust the length of the
stub so that the proper matching impedance and a good
isolation are received. The simulation results of the proposed
antenna are shown in Figure 2(d); one can observe that a
broad impedance bandwidth covering the whole UWB with
good isolation of < −15 dB is achieved.

Additionally, the influence of the distance between two
feeding lines on the performance of the proposed antenna
is also simulated and the simulated results are shown in
Figure 3. It can be seen that by increasing or decreasing the
distance between feeding lines the isolation can be improved
or weakened as shown in Figure 3(b), and the impedance
bandwidth cannot cover the whole UWB with too far or
too close distance between the monopoles as shown in
Figure 3(a). Therefore, the distance between the monopoles
should be optimized with attention to the impedance band-
width and isolation.

Furthermore, unlike the antenna in [11], in our design two
semielliptical monopoles are aligned along 𝑦-axis back-to-
back as shown in Figure 1; the advantage of this configuration
is that the minimum distance between the monopoles is

almost equal to the distance between two feeding lines,
therefore, a more complicate structure such as a tree-like
one [11] to improve the isolation is not necessary in the
design; that is, fewer parameters need to be optimized and
the antenna can be designed simply.

3. Experimental Results and Discussion

Based upon the design dimensions shown in Figure 1, the
proposed UWB MIMO/diversity antenna was constructed,
measured, and analysed as follows.

3.1. Input Characteristic. Figure 4 shows themeasured reflec-
tion coefficient |𝑆11| and isolation |𝑆21| against frequency
of the proposed antenna. Note that, due to the symmetric
structures of the proposed antenna, the measured |𝑆22| is
almost the same as |𝑆11| and is thus not shown in the figure
for the sake of brevity. It can be observed from Figure 4 that
the obtained impedance bandwidth defined by |𝑆11| < −10 dB
can cover thewholeUWBof 3.1–10.6GHz. In addition, across
the whole UWB, a good isolation between two feeding ports
is obtained (|𝑆21| < −15 dB).
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Figure 3: Simulated 𝑆-parameters against frequency of the proposed antenna with different 𝑑: (a) reflection coefficient |𝑆
11
| and (b) isolation

|𝑆
21
|.
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Figure 4: Measured reflection coefficient |𝑆
11
| and isolation |𝑆

21
| against frequency of the proposed antenna.

3.2. Radiation Patterns. The radiation patterns at 4, 7, and
10GHz of the proposed antenna were measured in an
anechoic chamber. Figure 5 plots the radiation patterns for
the proposed antenna on the 𝑥-𝑧 (𝐸-plane), 𝑥-𝑦 (𝐻-plane)
plane, and 𝑦-𝑧 plane with port 1 excited and port 2 connected
to a 50Ω load. As shown in Figure 5, the radiation patterns of
the proposed antenna are relatively stable across the UWB. In
addition, due to the symmetric structures of two monopoles,
when port 2 is excited, with port 1 terminated, the patterns in
the 𝑥-𝑧 plane are similar to those in Figure 5, but the patterns
in the 𝑥-𝑦 and𝑦-𝑧 planes are mirror transformations about
𝑥-𝑧 plane of those in Figure 5. In other words, the radiation
patterns tend to cover complementary space regions, which
provide spatial diversity for the systemoperation to overcome
the multipath fading problem and enhance the system’s
performance.

The measured peak antenna gain for port 1 excitation
is shown in Figure 6. Due to the symmetric structures of
two monopoles, the measured peak antenna gain for port 2
excitation is about the same and not shown in the figure. The

result shows a gain level of about 6.9 dBi, with gain variations
less than 3.9 dBi across the operating band.

3.3. Diversity Performance. A diversity antenna is charac-
terised by the individual antenna gain and the overall diver-
sity gain. Diversity gain could be calculated using the analysis
in [12–14]. The measured far field radiation pattern can be
used for calculating the envelope correlations of the proposed
antenna using [15]

𝜌𝑒 =

𝐴

𝐵𝐶

, (2)

where

𝐴 = (∮(XPR𝐸𝜃1 (Ω) 𝐸
∗

𝜃2
(Ω) 𝑃𝜃 (Ω)

+ 𝐸𝜑1 (Ω) 𝐸
∗

𝜑2
(Ω) 𝑃𝜑 (Ω)) 𝑑 (Ω) )

2

,
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Figure 5: Measured radiation patterns of the proposed antenna.

𝐵 = ∮(XPR𝐺𝜃1 (Ω) 𝑃𝜃 (Ω) + 𝐺𝜑1 (Ω) 𝑃𝜑 (Ω)) 𝑑 (Ω) ,

𝐶 = ∮(XPR𝐺𝜃2 (Ω) 𝑃𝜃 (Ω) + 𝐺𝜑2 (Ω) 𝑃𝜑 (Ω)) 𝑑 (Ω) ,

𝐺𝜃 = 𝐸𝜃 (Ω) ∗ 𝐸
∗

𝜃
(Ω) ,

Ω = (𝜃, 𝜑) .

(3)

𝐸𝜃1(Ω),𝐸𝜃2(Ω),𝐸𝜑1(Ω),𝐸𝜑2, (Ω), and𝑃𝜃,𝜑(Ω) are, respec-
tively, the vertical (𝜃) and horizontal (𝜑) polarized complex
patterns of the two semielliptical monopoles and the inci-
dent power spectrum of the different polarizations. Cross-
polar discrimination (XPR) is the time-averaged vertical-to-
horizontal power ratio.

The diversity gain at 1% of the cumulative distribution
functions and envelope correlation coefficient for the pro-
posed UWB MIMO/diversity antenna is larger than 9.6 dB
and below −17 dB, respectively, across the whole UWB of 3.1–
10.6GHz. These results indicate that the proposed antenna

has a gooddiversity performance and can be a good candidate
for an UWB system.

4. Conclusions

An UWB MIMO/diversity monopole antenna has been
presented. The antenna has a more compact size than the
antennas presented in the existing literature. The obtained
operating bandwidth of the proposed antenna can cover the
whole UWB of 3.1 to 10.6GHz. Across the UWB, the antenna
also shows good port isolation and stable radiation pattern,
and can provide spatial diversity to combat the multipath
fading problem. Thus, the proposed antenna is suitable for
some portable UWBMIMO/diversity applications.
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